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(54) PATTERN-DEFECT INSPECTING APPARATUS 

(57)Abstract: 

PURPOSE: To improve the resolution in the detection of 
pattern defects and to prevent the elongation of the 
detection without the adverse effect on the processing 
time and without elongating the processing time. 
CONSTITUTION: The inspected image data are obtained 
with image sensing devices 3 and 4 over a body to be 
inspected, wherein a plurality of many specified pattern 
layers are formed. The image signals from the image 
sensing devices are delayed. Or reference image data 
are obtained with other image sensing devices. The 
position of the inspected image data and the position of 
the reference image data are aligned with a position 
aligning circuit 11 based on the deviation of the detected 
position of a position-deviation detecting circuit 1 5. 
Thereafter, the differential differentiated value between 
the differentiated value A and the maximum value of the 
differentiated value B is computed with an inspecting 
circuit 1 6. The differentiated value A is located in the 
direction, which is determined by the differentiated value 
of the pixel data in the reference image data corresponding to the pixel data of the object of 
the inspection in the inspected image data. The differentiated value B is located in the same 
direction of the pixel data around the pixel data of the reference image data. The presence or 
absence of the pattern defect is judged based on the differential differentiated values. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Pattern-defect test equipment characterized by providing the following. At least one image 
pck-up equipment arranged in the upper part of an inspected object in which the predetermined pattern 
was formed by two or more multilayers. A picture creation means for the picture signal from this image 
pck-up equipment to be delayed, or to obtain the picture signal refernce image data from other 
aforementioned image pck-up equipments while obtaining inspection image data from the picture signal 
from this image pck-up equipment. A position gap detection means to detect the position gap with the 
inspection image data and the aforementioned reference image data which were obtained by this picture 
creation means. The alignment means which carries out alignment of the aforementioned inspection 
image data and the aforementioned reference image data based on the position gap detected by this 
position gap detection means, The differential value of the direction which becomes settled with the 
differential value of the pixel data in the aforementioned reference image data corresponding to the pixel 
data to be examined in the aforementioned inspection image data after the alignment by this alignment 
means, An inspection judging means to compute a difference differential value with the maximum of the 
differential value of the same direction of the pixel data which exist in the circumference of the 
aforementioned pixel data of the aforementioned reference image data, and to judge the existence of a 
pattern defect with this difference differential value. 

[Claim 2] Claim characterized by providing the following (1) Pattern-defect test equipment of a 
publication. The aforementioned inspection judging means is the 1st differential circuit which continues 
and differentiates each pixel data of the aforementioned inspection image data after the alignment by the 
alignment means in the direction of plurality. The 2nd differential circuit which continues and 
differentiates each pixel data of the aforementioned reference image data after the alignment by the 
aforementioned alignment means in the direction of plurality. The direction detector of the minimum 
value which detects the differential direction where the differential value acquired by this 2nd 
differential circuit shows the minimum value. The 3rd differential circuit which continues and 
differentiates each pixel data around the pixel data in which the aforementioned reference image data 
carried out [ aforementioned ] differential in the direction of plurality, The maximum detector which 
detects the maximum differential value in each direction among each differential value acquired in this 
3rd differential circuit, The 1st selector which chooses the differential value of the direction detected in 
the aforementioned direction detector of the minimum value of the differential values of each direction 
outputted from the 1st differential circuit of the above, The 2nd selector which chooses the maximum 
differential value of the direction detected in the aforementioned direction detector of the minimum 
value of the maximum differential values of each direction outputted from the aforementioned 
maximum detector, The subtracter circuit which outputs the difference differential value of the 
differential value outputted from the 1st selector of the above, and the maximum differential value 
outputted from the 2nd selector of the above, and the judgment circuit which will judge applicable pixel 
data to be a pattern defect if this outputted difference differential value exceeds a predetermined 
threshold. 
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[Translation done.] 



* NOTICES * 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the pattern-defect test equipment which compares the 

patterns of each chip for example, in a semiconductor wafer, and detects a defect. 

[0002] 

[Description of the Prior Art] The pattern-defect inspection to a semiconductor wafer is roughly 
classified into the method of comparing how comparing the pattern configurations of each chip formed 
in the semiconductor wafer with the pattern of the chip formed in the semiconductor wafer and the 
reference pattern generated from the design data. Among these, the method of comparing the patterns of 
each chip picturizes the pattern of a semiconductor wafer by the line sensor or the area sensor, obtains 
the inspection image data, picturizes the chip which adjoins the above-mentioned chip by the line sensor 
etc. separately with this, and makes this reference image data. In addition, reference image data may 
delay for it and create the inspection image data from a line sensor. Next, alignment of inspection image 
data and reference image data is performed, and the pattern defect to a chip is inspected by next by 
correlation with inspection image data and reference image data. 

[0003] By the way, this pattern-defect inspection is conducted by the following all directions methods. 
For example, the 1st defective inspection is the method of inspecting a pattern defect from each shade 
level difference of inspection image data and reference image data. The 2nd defective inspection is a 
partial method of perturbation which compares a shade level difference with the **1 -pixel minimum 
field between inspection image data and reference image data, and inspects a pattern defect. Next, the 
3rd defective inspection is the way binary-ization-process the shade level difference of inspection 
image data and reference image data, and enlarging-or-contracting (morphology) processing excepts a 
false defect next. 

[0004] By the way, in defective inspection of the above 2nd, the influence of degradation of the pattern 
configuration by the process and the laminating alignment between multilayer patterns can be offset, and 
generating of a false defect can be suppressed in defective inspection of the above 3rd. 
[0005] however - while a false defect is excludable as mentioned above - the sensitivity of pattern- 
defect detection by enlarging or contracting - pixels, such as a line sensor, — compared with resolution, 
more than double precision becomes bad For this reason, in order to raise pattern-defect detection 
sensitivity, it is necessary to make resolution, such as a line sensor, still smaller. However, if resolution, 
such as a line sensor, is made small, the data-processing time will become long, and speed-ization of an 
image processing will also be affected, and the problem of extension of a lighting system will also come 
out in relation to the improvement in sensitivity of a line sensor etc. further. 

[0006] By the method of on the other hand comparing a chip with the reference pattern generated from 
the design data, while there is the same problem as the above, it is necessary to generate the pattern data 
refernce pattern data memorized by the database. 
[0007] 

[Problem(s) to be Solved by the Invention] If resolution, such as a line sensor, is made small as 



equipment A picture creation ^ * r j^^^ from other image P ck-up equipments, A 
delayed, or to obtain the pl cture signa efe ^^e image to ^ ^ md ference 

position gap detection means to detect the position gap wun y means which car ries out 

Cge data which were obtained by this £S*E* on the position gap detected by 

alignment of inspection image ^J^^^^Ss^ direction which becomes settled with the 
this position gap detection means, The differential vaiu di t0 the pixel data to be 

differential value of the pixel ^^f*^S» by this alignment means, It is pattern-defect 
examined in the inspection image data after *^^ iff J ential value with the maximum of the 
test equipment which is going to compute exist in the circumference of the pixel 

differential value of the « d ^ h f e ^d ^„ inspection judging means to judge die 

St^ 
mentioned purpose. 

[0010] . , -^^Hata from the picture signal from the image pck-up 

Function] While obtaining inspection image data from the pi * predetermined pattern was 
quipmenl arranged in the upper part picture signal from this image per- 

formed by two or more multilayers by having hadsuch am ^ ^ ^ equipments 
up equipment is delayed, or the picture ^™l*f*™*™^ n image data and the reference image data is 
is'obtained. Based on a position gap, ffJ^^Z ^ datl the difference differential va ue of 
carried out for this inspection image data ^^ C ^ d g in nex with the differential value of the 
the differential value of the direction which becomes^ ^ m be examined in inspection 

pixel data in the reference ^ f ^J™5^rfS^ direction of the pixel data which exist 

defect is judged with this 

&e] Hereafter, it explains, referring 2 is 

0012] Driwingl is the block diagram ^J^^S^^ semiconductor wafer 2. Above 
laid on X-Y table 1 . Two or more chips are ^^ ^ [ These image pck-up sensors 3 and 4 
this X-Y table 1, two image pck-up sensors 3 and 4 are arrang ^ ^ ^5 

consist of main parts 5 and 6 of a «~ "J^^S S tht binary-ized circuit 12 through Art) 
and 6 of a sensor are connected to die f^^cuit 1 ^ ^ ^ c j j and th e 

converters 9 and 10, respectively. Here, A/D converter ins c ^ and ^ converter 

binary-ized circuit 12 through the delay circuit H and acircuit g g ^ ^ 

10 is connected to the alignment circuit 1 ^^^^^^ d ^^the position gap detector 15. however, the 
switch 14. And the binary-ized ^^^^^pek-^P * one [ma & P ck " u Pf nS0 ' 3 
image data from which the image data ob^ned by toe mag P^ inspection image data, and is obtained 
sent to the alignment circuit 1 1 and the side - as reference image data - the 

by the image pck-up of the image pck-up sensor 4 ot anotne ^ ^ moreover , the image data 
alignment circuit 1 1 and the binary-ized circm 1 1 2 1 3 and a circuit changmg 



circuit 12 -- ****** -- it is like DO sition gap for inspection image data 

[0013] The position gap detector 15 ^^^^^SSa in tedngi . Namely, a buffer 
and reference image data. It has known ^f^^^Sse lead lag networks 21 and 22 and a 
20 and the 7x9-pixel office small region buffer 23 whK* are pha^ 1 g ^ ^ ^ ^ ^ 
logging means temporarily, A buffer 24 and temporarily » p of the office 

office small region buffer 26, A number (63 p eces) ^vaknt to fte n P ^ ^ ^ ^ 

small region buffer 26 (7x9 1 of e ^ uslV ^ ° the circumference pixel of 

and the adder-circuit group 28 of the number ( 4 9 piece 0 J* a minimum value dete ctor 31. 

7x7, a 49 piece x6 step shift re gist ^^Sby 3 parallel for every input 

an 22 temporarily, and may be produced among 2 sets « date 
[0015] On the ome^^ 

synchronous clock. Moreover, the offi ^ small reg, ^ . network 25 temporarily, and starts 
^] The exclusive "or" circuit group 27 ,ks for Jta^ 

region buffer 26, and the 7x9=63 output ^data of he 28 count the output 

correlation value for every pixel. A counte ^d er { J me scanning direction of image 

(inharmonious number) from an exclusive Q ° thl pos tion correlation value in every two or 

data ] two or more (N) lines (12 lines and asks for totel of the posmo ^ ^ 

more lines. A shift register 29 inputs ^tofan«^ ^ adder 

an amount of position gaps. nut nosition amendment of inspection image 

[0017] The alignment circuit 1 1 has the function t .cany out shown fa , it has 

data and the reference image data, and to perform al ^f^STf the direction position 
each buffers 40 and 4 1 of 3 parallel, among these the series fonnec^o ^ fo & 

amendment circuit 42 of Y and the Erection «. The direction of these Y 
buffer 40, and the direction delay circuit 44 of Y ^ for ^ read _ out posi tion of the above- 

and the direction position amendment circuits j2 1 and 22 ofX asktor tee^ ^ above . mentioned 

mentioned buffer 20 based on the amount of P^^ 0 ^^ the **** function for the 
minimum value detector 31, respectively, amend a position gap, ana na 

alignment of each image data of i^ction ^ ^ferenc^ iffer£nce differe ntial value of the 
[0018] The inspection judging circuits 16 and 59 compu tettu mi 1 of ±Q ixel data in 

differential value of the direction ^fc^^ me subject of examination of the 

the reference image data corresponding to the pixel da to^^g^J value of the same direction 
inspection image data after alignment, and the image data, and have the 

of the pixel data which exist in the circumference ^^^ r diffircntial v J U e. It has known 
function to judge the existence of a pattern defect wrth ^f«ere n ^ ^ differential 

composition specifically shown in dffl^^^^JJg^ the direction of y, the 

direction is sent to the 1 st selector 51. differential circuit 52, space differential 



detector 53 of the minimum value. 

[0020] This direction detector 53 of the minimum value detects the differential direction corresponding 
to the smallest differential value of the absolute value of the differential value of each direction inputted 
among the four aforementioned differential directions, and sends it out to the 1st selector 51 and the 2nd 
selector 54. 

[0021] Moreover, reference image data is inputted into the 3rd differential circuit 55. This 3rd 
differential circuit 55 incorporates a total of nine pixel data of 3x3 which forms the office small region 
centering on this pixel data synchronizing with the timing as which one pixel data is inputted into the 
2nd differential circuit 52, and has the function which computes each differential value of the four 
directions of eight pixel data of the circumferences other than a center. The differential value of each 
direction of eight pixel data outputted from this 3rd differential circuit 55 is sent to the maximum 
detector 56. 

[0022] Among the differential values of each direction of eight pixel data outputted from the 3rd 
differential circuit 55, this maximum detector 56 detects the largest maximum differential value of the 
absolute value of each differential value for every direction, and has the function which sends out the 
detected maximum differential value of four pieces to the 2nd following selector 54. 
[0023] This 1st selector 51 has the function which chooses the differential value of the differential 
direction specified by the direction detector 53 of the minimum value among each differential value of 
four directions outputted from the 1st differential circuit 50, and is sent out to a subtractor circuit 57. 
Moreover, the 2nd selector 54 has the function which chooses the maximum differential value of the 
differential direction specified by the direction detector 53 of the minimum value among the maximum 
differential values of four pieces inputted from the maximum detector 53, and is sent out to a subtractor 
circuit 57. 

[0024] This subtractor circuit 57 subtracts the maximum differential value chosen from the differential 
value chosen by the 1st selector 51 by the 2nd selector 54, and has the function sent out to the negative- 
value cancellation circuit 58 as a difference differential value. A difference differential value transposes 
only the difference differential value of a negative value to "0 M , and sends out this negative-value 
cancellation circuit 58 to the judgment circuit 59. 

[0025] This judgment circuit 59 has the function judged as the pixel data corresponding to this 
difference differential value being a pattern defect, when the inputted difference differential value 
exceeds the threshold set up beforehand. Next, an operation of the constituted equipment is explained 
like the above. 

[0026] The image pck-up sensor 3 picturizes one chip of the semiconductor wafer 2, and outputs the 
picture signal. This picture signal is made binary by the binary-ized circuit 12, and is sent to the position 
gap detector 15 while it is digitized by A/D converter 9 and sent to the alignment circuit 1 1 as inspection 
image data. Moreover, the image pck-up sensor 4 picturizes the chip which adjoins the above-mentioned 
chip, and outputs the picture signal. This picture signal is made binary by the binary-ized circuit 12, and 
is sent to the position gap detector 15 while it is digitized by A/D converter 10 and sent to the alignment 
circuit 1 1 as reference image data. And the position gap detector 15 detects each amount of position 
gaps of the direction of X of inspection image data and reference image data, and the direction of Y, and 
sends it to the alignment circuit 1 1 . This alignment circuit 1 1 amends the position gap to the reference 
image data of inspection image data by the direction of X, and the direction position amendment circuits 
43 and 42 of Y, and sends it to the inspection circuit 16. 

[0027] In addition, the inspection image data 60 is formed by two or more pixel data 61, as shown in 
drawing 5 , it has with the level value of these pixel data 61, and a pattern 62 is formed. Moreover, it has 
by a total of nine pixel data 61 of 3x3, and the office small region 63 is formed. For example, the office 
small region 63 of a position A is located in the edge section of a pattern 62, the office small region 63 
of a position B is located in the corner section of a pattern 62, and the office small region 63 of a 
position C is further located in the uniform sections other than pattern 62. 

[0028] Next, operation of the inspection judging circuits 16 and 59 is explained. The 1st differential 
circuit 50 performs space differential using each differential parameters 64a-64d of x directions shown 



in tein^ , the direction of y, the d^^gS ^^2^ 
shows these spaee differential result, m the case « ^h^ubject ^ * f ^ 

of y . the differential value ° f *^^ of a value of the direction of 

direction of y becomes mmimum 0 And ^°ugft me differential value of x 

+45 degree and the direction of -45 ^degree is also smal jects in the x directions ne ar 
directions, it generate. More ^^^^^^^ U« will generate the 
the edge exists in a subject copy so ^^^^^ G position. Moreover, values other 
differential value of x directions in the x 0 f me direction of y. Moreover, the 

than "0" corresponding to Defect G occur in f^^^^^^ 0 f the direction of +45 
differential value resulting from Defect G an es alsoin differential values 65a . 6 5d of 

&to^ 

constitutes reference image data m four directions and c * data is set t0 „ 0 .. .- 4 ", "4", 
absolute value of each differential va ue of he ^ ^erenc e g ^ ^ ^ 

and "4." Here, since the minimum value is 0 the duection aetec ^ ^ 

x directions which asked for differential value 65a of 0 of each four direction fr0 m 

[0030] Next, the 3rd differential circuit 55 calculates J^^faaSS out by the 2nd differential 
eight pixel data around the pixel data in which space diff f™^^^^ 9 f all of the 
ckc uh 52. That is, as the pixel data of the "0." moreover - 

differential value of the x directions f^^^J^^^ r , for "4", in two pieces 
the direction of y -- in two ^^^^^^^ pieces" / "-5" ] two pieces by six 
and the direction of +45 degree, 5 is/!) / 4 ai six pic * "5" "5", and "5." 

pieces Therefore, the maximum of the ^^^^^ me direction detector 53 of the 

[0031] Then, as the edge section of a is^ mtoW^ yalue „ 0 „ 

minimum value has chosen x directions. Thereby, .the 1st se ^ or ^ { 5Q „ 4 „ „ 4 „ md M .« 

of x directions among each differential value "0 of th ^ s ^^ tl ™ the maximum » 0 » of the 
Moreover, the 2nd selector 54 chooses the valu 0 of x dr report g consequently, a 

circuit 57 is set to "-4" by the same operation as ^?^t^^^^ s not detect a pattern 
"0" in the negative cancellation circuit 58^ Th % efore '*^ not outputted. Next, the 

defect. Similarly as for a pattern deM teurd to^^g^ P data ^ reference 
case where a defect exists and a gap of about 1 pixel exists oeiwcc P 

image data is explained. differential value of x directions outputted from the 1st 

[0033] First, as shown in drawmgjl , the dillerentiai van corresponding to the defect in the 

differential circuit 50 by the side of inspection image data has a value ^spo g ^ 
office small region 63 of the edge section ofa ^£ ^ ^ 

of the x directions of the pixel data around the apphca bl differential value corresponding 

is "0" as mentioned above, a subtracter circuit 57 ^^^^^ defect, 
to the defective scale. Thereby, the judgment circuit 59 jud ^^^3 of the minifflum value 
[0034] Next, although the diffe u ^ e ly ^office small region 63 of the 

specifies that it mentioned ^^^^^ dhection including the direction of -45 
corner section of a position B, the differential value 01 c mst , ec tion image data has each value 

degree outputted from the 1st differential circuit 50 by the side f selector 51 ^ms into 

corresponding to the defect. Therefore the differen t direction ^ 

a value corresponding to a defect. On the f^ 8 ^^ ^ does not correspond at all 
pixel data around the applicable pixel data by the side of reference image aai 



to the differential value which naturally originates in existence of a defect, the difference differential 
value of a subtractor circuit 57 has a value. A deer is carried out, and Defect G is detected as shown in 
drawing 12 . 

[0035] Moreover, since the difference differential value between the differential value of the 1st 
differential circuit 50 of the inspection image data 70 and the maximum of the differential value of the 
3rd differential circuit 55 of the reference image data 71 is computed by the subtractor circuit 57 like the 
above when the semiconductor wafer 2 is a multilayer pattern, as shown in draw ing 13 , the existence of 
a pattern defect is judged from the difference differential value. 

[0036] Thus, in the one above-mentioned example, even if the coordinate of inspection image data and 
reference image data has shifted somewhat by degradation of a pattern, the alignment error between 
patterns, etc., it is beforehand removable that the false defect resulting from a gap is contained in the 
defect 20 outputted. Therefore, Defect G is certainly detectable with a sufficient precision, and defective 
inspection of each chip of the semiconductor wafer 2 - an SN ratio — even if it can carry out highly and 
the semiconductor wafer 2 is a multilayer pattern — precision ~ it can inspect highly 
[0037] 

[Effect of the Invention] As a full account was given above, while improving the resolution of pattern- 
defect detection according to this invention, the pattern-defect test equipment which does not affect the 
processing time and is not lengthened can be offered. 



[Translation done.] 



* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Industrial Application] this invention relates to the pattern-defect test equipment which compares the 
patterns of each chip for example, in a semiconductor wafer, and detects a defect. 



[Translation done.] 



